By using a modification of the BAC spreading method for mounting the DNA for electron microscopy, partial denaturation maps of protein-free 029 DNA and of 029 DNA containing protein p3 were obtained. In 029 p3-DNAl the protein does not seem to influence the melting of the ends of the molecules.
INTRODUCTION
The double stranded DNA of B. subtilis bacteriophage 029 has a molar mass of 11.8 I 0.4 x 106 g mol 1 and contains a protein covalently attached to the 5' termini3-6. The protein has been characterized as the product of cistron 3, p33, has a molar mass of 27,000 g mol 1 7,8 and is needed for DNA replication9 12. The protein was visualized by electron microscopy at the ends of unit length DNA molecules 3 Recently we located seven B. subtilis RNA polymerase binding sites on the DNA of bacteriophage $292; their positions were determined with accuracies from ± 70 base pairs for the more precisely located binding sites to ± 180 base pairs for the least definite. The promoters were named Al, A2, A3, Bi, B2, Cl Micrographs were taken in a Jeol lOOB electron microscope at 80 KV and at a magnification of 10,000. The magnification was determined with a Carbon Grating replica of 2160 lines/mm from Balzers Union (Liechtenstein).
Quantitative Analysis
After a six-fold enlargement of the electron micrographs, the contour lengths of the DNA molecules were measured with a SAC Digitizer. The data were processed in a PDP 11/45 minicomputer with a DOS/BATCH and the histograms were displayed in a model 31 Varian/Statos Plotter.
RESULTS

Modification of the BAC technique
With a combination of BAC spreading and either treatment of the grids with ethidium bromide and/or presence of ethidium bromide in the hypophase (see Materials and Methods) we obtained reproducibly good adsorption of DNA. Both single-and doublestranded DNA's were unaggregated and unfolded. Using grids pretreated with ethidium bromide, a hypophase containing ethidium bromide produced usually more uniform preparations than a hypophase of quartz redistilled water. For double-stranded DNA, the best results were obtained with ethidium bromide concentrations between 10 and 20Oyg/ml in the hypophase. With concentrations above 15 ,g/ml the molecules frequently showed either curled and/or a supertwisted appearance. The best unfolding of singlestranded DNA was obtained with a hypophase containing 10 to 15 pg/ml of ethidium bromide, whether carbon films pretreated or untreated with ethidium bromide were used. The length of the double-stranded filaments depended very much on the hypophase used. On a hypophase of redistilled water $29 DNA had a contour length of 6.94 ± 0.17 pm (from 41 molecules) whereas on a hypo- DNA with the genetic24, physical21 and transcription maps2, the DNA was treated with the restriction endonuclease EcoRI and the fragments obtained were partially denatured. Fragments EcoRI A, B and C were analyzed and compared with the map of the intact genome. Fig. 3a shows a fragment EcoRI A where one half of the filament has large denatured regions. Comparing the partial denaturation map of the EcoRI A fragments with that of the whole DNA ( Fig. 2a and b) , it can be seen that there is a good correspondence between the larger denatured region of the fragment (Fig. 3a) and the left part of the genome. Using this criterion to orient fragment EcoRI A (50.5 units), the main denaturation sites in the fragment (Fig. 2b ) coincides with the peaks in the left half of intact DNA (Fig. 2a) Since it is known that EcoRI fragment A contains the left side of the genetic map and fragment EcoRI C the right end21 we conclude from the unambiguous fitting of the partial denaturation maps of the EcoRI fragments A and C with that of the whole DNA that the left end of the map of the whole DNA in Fig. 2a must correspond to the left end of the genetic map. Accordingly we named the left end of the genome as "A" (Fig. 1 and Fig. 2a Nucleic Acids Research and the right end as "C". We also studied the partial denaturation of the EcoRI B fragment (Fig. 3b) located between positions 50.5 to 81.5 (31 map units long) from the left end of 029 DNA21. The histogram shown in Fig. 2c was obtained from 56 EcoRI B filaments with an average extent of denaturation of 17%. The four main areas of denaturation fitted unambiguously with the corresponding region in the full length genome (Fig. 2a) .
The partial denaturation of 029 DNA with protein p3 covalently attached to the 5' termini3 was also studied to see whether the protein has an influence on the melting behavior of the molecule. Under the conditions described in Materials and Methods,
we obtained an average extent of denaturation of 4%, probably due to the fact that the DNA was heated to 662 instead of 68 0C. Under these conditions the "C" end (right end) was always open, and the "A" end (left end) remained closed ( Nucleic Acids Research be pointed out that, although the mentioned correction is inportant, in our case the differences between the uncorrected and corrected maps are insignificant (compare Fig. 2a and Fig. 5a ), probably due to the fact that the distribution of the partially denatured regions along the DNA molecule is more or less uniform. In the same histogram we included the B. subtilis RNA polymerase binding sites (Fig. 5b) , obtained from the data of 30 , respectively. A similar effect was described by Freifelder31 with A b2 DNA using the cytochrome C technique without and with the intercalating dye.
It is generally accepted23 that the strand separated regions in a partially denatured DNA molecule correspond to sequences rich in A-T base pairs. Fragment EcoRI B of $29 DNA therefore appears to have the highest content in G-C. The positions from map units 33 to 37 from the left end appear also to be rich in G-C. The strand separation begins at the right end and consequently this side seems to be the richest in A-T sequences. Even at a partial denaturation of 19%, the left end of the molecule is not denatured. This suggests that the sequences close to the two ends are probably different, except for about 100 base pairs from each end which could not be recognized if they were denatured. Direct sequence analysis of the first 100 base pairs from each end will be needed to answer this question.
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The protein covalently bound to the 5' termini of 029 DNA does not seem to interfere with the denaturation behavior since at an average denaturation degree of 4% the right end was already open when the DNA-protein p3 complex was used instead of protein-free DNA. The protein does not seem to favor to a high extent the degree of denaturation either since under the conditions described above, the left end of the $29 p3-DNA molecules still remained closed.
Five of the seven early 029 promoters are located in A-T rich regions. These data are similar to the ones obtained by other groups with A DNA1315 , M13-DNA16 and with aroE-trKA-spc of the E. coli genome, transposon Tn3 and plasmid ColEl 32.In A DNA, Vollenweider and Szybalski15, found an imperfect quantitative correspondence for a few regions. Four of the five 029 promoters which lie in A-T rich regions, namely Al, A2, A3 and C2, are strong whereas the fifth, the B2 promoter, is salt-sensitive2. Two of the RNA polymerase binding sites (Bl and Cl) are located in regions with a low A-T content. This is especially the case for the Cl promoter which is located at a site corresponding to a minimum of the partial denaturation map. Regarding the Bi promoter, when the extent of partial denaturation of the whole genome is 19%, the degree of denaturation corresponding to the EcoRI B fragment is about 6.5% and the position corresponding to map unit 60 begins to be open (Fig. 2a) . When fragment EcoRI B was denaturated to 17% the peak corresponding to map unit 60 of the whole genome (Fig. 2c) , is more clearly pronounced. It is noteworth that Cl is a strong binding site whereas Bl appears only under special conditions . Therefore we have to conclude that, at least for B. subtilis RNA polymerase, promoters do not always lie in early melting DNA regions and that there is no correlation between the strength of a promoter and the local melting behavior as seen in the electron microscope. The nucleotide sequence and consequently the exact content of A-T in the 029 promoters and promoter-flanking regions is not yet known.
There are also A-T rich regions which do not correspond to B. subtilis RNA polymerase binding sites. This is also the case for T733 '34 and Fig. 6 ).
From our data we conclude that 1) an A-T rich region defined by electron microscopy does not necessarily imply the existence of an RNA polymerase binding site; 2) RNA polymerase binding sites are not necessarily located in A-T rich regions; 3)binding of RNA polymerase to promoters which are present in A-T rich sites may be resistant or sensitive to salt2, therefore there is no correlation between salt resistance of a promoter and its presence in an A-T rich DNA segment.
